The disordered quantum-wire superlattice ͑d-QWRSL͒, in which individual layer thicknesses are randomly disordered, is grown. Luminescence characteristics are investigated with changing temperature and compared with those of a conventionally ordered quantum-wire superlattice ͑o-QWRSL͒. We observe the luminescence capability enhanced by disordering the atomic arrangement. The luminescence intensity of the d-QWRSL decays gently with increasing temperature and then becomes stronger above ϳ100 K as compared with that of the o-QWRSL. © 2001 American Institute of Physics. ͓DOI: 10.1063/1.1401088͔
A disordered crystalline semiconductor has been proposed to enhance luminescence capability. 1 Atomic arrangements in that semiconductor are randomly disordered to some extent but ordered enough to form a crystalline structure. An example is the disordered superlattice in which individual layer thicknesses of wells and barriers are grown randomly disordered. In experiments, the AlAs/GaAs disordered superlattice exhibited the luminescence intensity enhanced at least 500 times stronger 2 than the AlAs/GaAs ordered superlattice, i.e., the conventional superlattice ͑SL͒. The luminescence from the AlP/GaP disordered superlattice also was enhanced. 3 The luminescence capability enhanced by disordering atomic arrangements has been theoretically derived. 4 In this study, the luminescence characteristics of the Al 0.425 Ga 0.575 As/GaAs disordered quantum-wire superlattice ͑d-QWRSL͒ are investigated experimentally as comparing with those in the Al 0.425 Ga 0.575 As/GaAs ordered quantumwire superlattice ͑o-QWRSL͒. Hereafter, the composition rates are not written for simplicity. We observed enhanced luminescence intensity from disordered quantum wires ͑QWRs͒.
The samples were grown on a V-grooved GaAs substrate by flow rate modulation metalorganic vapor-phase epitaxy. 5 The layer structure of the o-QWRSL consists of 32 periods of (AlGaAs͒ 12 /͑GaAs) 6 , indicating 12 and 6 monolayers ͑MLs͒ of all barrier and wire layers, respectively. The d-QWRSL consists of 32 periods of (AlGaAs) m /(GaAs) n , where m denotes 7, 12, or 17 MLs and n denotes 3, 6, or 9 MLs. They appear randomly with an equal probability, and thus the total numbers of atoms in the o-and the d-QWRSLs are equal. The ͑001͒ flat layers and part of the ͑111͒A sidewall were selectively removed by self-aligned wet-chemical etching. 6 Their cross-sectional images by transmission electron microscope ͑TEM͒ are shown in Fig. 1 , where the QWRs are seen at the V-grooved bottoms and the SLs on the sidewalls of the V groove. Figure 2 shows photoluminescence ͑PL͒ spectra measured in the temperature range from 16 to 240 K and excited by an Ar laser. Three PL peaks can be seen in both QWRSLs, and two PL spectra are dominant in the low-temperature region: the spectrum at the low-energy side is the luminescence from the QWRs and the spectrum at the high-energy side from the SLs. The luminescence of the d-QWRSL exhibits a redshift relative to that of the o-QWRSL. It has been experimentally observed also in a d-SL, 2,3 and theoretically verified. 4 Twin peaks appear in the PL spectra of the QWRs.
The reason is not known and is now under investigation.
Variations of the PL integrated intensity with increasing measurement temperature are shown in Fig. 3 . The PL integrated intensity of the SL decreases monotonically with the temperature, whereas that of the QWR increases first and then decreases. It is understood that the carriers excited by the Ar laser to the SL are transferred to the QWR with increasing the measurement temperature. [7] [8] [9] [10] [11] [12] The PL intensity increases up to 50 K for the o-QWR and 80 K for the d-QWR; the former increases steeply and the latter gently.
In the temperature region beyond 100 K, the localization effects of the SL would not affect the carrier recombination processes in the QWR. The characteristic of PL thermal quenching by temperature raising can be expressed in the equation 13 IϭI 0 /͕1ϩAϫexp(T/T 0 )͖, where I 0 and A are constants, I denotes the PL integrated intensity, and T 0 represents an activation energy for carriers. Larger values of T 0 correspond to a smaller decrease of the integrated intensity I with raising the temperature and to a larger activation energy. We applied the equation to the PL integrated intensities beyond 100 K, although the equation was derived originally for amorphous semiconductors. We obtained T 0 ϭ36.3 and 38.5 for the o-and the d-QWRs, respectively. a͒ Electronic mail: sasaki@isc.osakac.ac.jp APPLIED PHYSICS LETTERS VOLUME 79, NUMBER 12 Figure 4 shows the Arrhenius characteristics of the PL integrated intensity. The temperature at which the intensity characteristics are bending is 104 and 129 K for the o-and the d-QWRs, respectively. Then, the luminescence of the d-QWR was observed to the temperature higher than that of the o-QWR, as ϳ180 and ϳ240 K to each QWR.
The PL integrated intensities of the QWRs are not much different at the low-temperature region, but the intensity of the d-QWR becomes stronger than that of the o-QWR in the high-temperature region beyond 100 K, as shown in Fig. 3 ͑a log-linear scale͒. The QWR PL spectra at 160 K are shown in Fig. 5 , where the PL integrated intensity of the d-QWR is about 7.5 times greater than that of the o-QWR. These are luminescence enhancements caused by the disordered atomic arrangement.
The localization effects become greater with the larger band offset between the barriers and wells ͑or wires͒, as AlAs and GaAs, and AlP and GaP. To make the enhancement of luminescence capability greater, the d-QWR composed of the larger Al composition rate of AlGaAs and GaAs layers is suggested to be grown. It can be made stronger further by the interactions of the carrier wave functions along the lateral direction among wires in the V-grooved structure.
In summary, at the present wire structure, the PL integrated intensity from the disordered quantum wire becomes greater at high temperature ͑above ϳ100 K͒, even though it is less at low temperature relative to the o-QWR. The PL integrated intensity becomes 7.5 times at 160 K. The en- 
